Abstract: Si2p core level photoemission as well as X-ray polarization dependent surface extended absorption fine structure (SEXAFS) have been used to characterize the interface of a twodimensional erbium silicide with Si(l1 l). This silicide, which consists of a hexagonal erbium monolayer located underneath a buckled Si top layer, was grown by deposition of one monolayer of erbium on clean Si(1 l l ) and annealing in the 400-6W°C temperature range. Photoemission experiments reveal a Schottky barrier height 6 as low as 0.13 rt 0.05 eV while for thicker erbium silicide layers Idg is found to be = 0.3 eV. SEXAFS measured at the Er L3 edge shows the location of erbium atoms in the eclipsed threefold hollow sites of the Si substrate.The average distance of erbium to the silicon of the substrate is found to be 3.10 * 0.04 A, whereas the distance of erbium atoms to their three first neighbors in the Si top layer is found to be 2.94 k 0.04 A.
Introduction
Atomic structure determination at the metal-semiconductor interface is of paramount importance for investigating the physics involved in the Schottky barriers formed at such contacts. As a matter of fact the screened charge transfer, which determines the obsewed Schottky barrier,depends on details in the interface structure [1, 2] . Erbium silicide is of particular interest with respect to Schottky barrier formation studies since it forms a very low barrier with n-type Si(1 l l) ( = 0.3 eV) [3] . It crystallizes in the A1B2 structure with defects in the Si lattice giving rise to an average composition ErSi2-, (X = 0.3). Furthermore high crystalline quality silicide films can be grown epitaxially on Si(1 l l) with ErSiZX (0001) parallel to Si (11 1) [3-61. A 43x43 R30° superstructure is observed and commonly attributed to ordered arrays of Si vacancies [5] .In this paper we report on Schottky barrier height (SBH) measurements and interface structure determination of a two-dimensional (20) erbium silicide layer epitaxially grown on n-type Si(ll1). As previously shown [7-91, this silicide layer can be prepared with a very high degree of cristallinity by annealing one Er monolayer deposited on Si (1 11) at room temperature and subsequently annealed in the 400 -600°C temperature range. The 2D silicide exhibits a very sharp ~(1x1) low energy electron diffraction (LEED) pattern with a marked threefold symmetry as opposed to the 43x43 R30° superstructure observed on thicker layers, i.e. there is no evidence of Si vacancies and related defects. Auger electron diffraction (AED) measurements [7, 8] have shown that the hexagonal erbium monolayer is located underneath a buckled Si top layer, similar to the double layer in bulk Si. Recently, we have performed a more refined analysis of AED data and compared the experimental data to calculated profdes by means of reliability factor analysis [10] . A more accurate determination of the interlayer spacing between Er plane and Si planes of the buckled surface double layer was achieved in this way. Best fits were obtained for interlayer spacings of 
Experimental
The Er silicide films were prepared in the same way for photoemission and SEXAFS measurements in UHV chambers equipped with Er sources, sample heating and cleaning facilities, quartz crystal microbalances and LEED optics. The Er was evaporated onto clean n-type Si (1 11) 7x7 at a rate of about 0.5 monolayer /min and a base pressure below 2.10-l0 Ton The monolayer (ML) scale is referred to the density of Si on the ideal Si (1 11) surface. Monochromatized A& radiation was used to excite the Si 2p core lines. The relevant electrons were analyzed with a large, 150 mm in radius, hemispherical energy analyser and a multichannel detector. The Er L3-edge SEXAFS measurements were performed on the double-crystal monochromator of the DC1 wiggler beam-line at LURE. The total electron yield was recorded while the Si(311) monochromator crystals were scanned above and below the Er-L3 edge (8347 eV). The x-ray flux was monitored by measuring the photocurrent from a Cu grid upstream of the sample. Absorption data were collected from a channeltron atthree different angles W~betwkn the electric field of the synchrotron radiation and the normal to the sample : glancing incidence (v = 15O), magic angle (W = 55 O ) and normal incidence (W = 90' ). 3. Results and discussion Figure 1 shows the Si 2p core levels measured at normal photoelectron emission using a monochromatized AlK= line (hw1486.6 eV) on several Er silicides achieved by annealing at 500°C Er deposits in the 0 -2 ML range. Also shown on fig.1 is the 5
Si 2p spectrum measured on clean Si(1 l l ) 7x7 surface. The LEED $ pattern is ~( 1 x 1 ) in the monolayer range and 43x43 R30° for the 2 ML deposit. The Si 2p spectra in this coverage range are dominated c by strong substrate emission at high binding energy. A small 2 contribution of the silicide Si atoms is observed, shifted by about 0.5 eV towards lower binding energies, due to charge transfert from Er $ atoms to Si [ll] . The substrate contribution to the Si 2p spectra for these coverages .The Si(1 l l) 7x7 surface has a metallic character in which the Fermi level is stable at 0.65 eV above the valence band Fig.1 -Si 2~ Vectra as a function maximum and thus the substate component for this surface ofErcoverage reconstruction can be used as reference [13] . Taking account for a value of the Si gap of 1.12 eV we found a SBH IZ)B = 0.29 f 0.05 eV for thick silicide layers ( above 2 Er monolayers) in agreement with values found in the litterature [3, 5, 12] . The SBH decreases down to a value = 0.13 f 0.05 eV for the 2D Er silicide. The raw k~( k ) Er L3 SEXAFS data recorded for (a and d) lML, (b and e) 2 ML erbium deposits onto Si (1 11) annealed at 500°C and (c and f) a thick silicide layer (60 ML) (from ref.14) are presented in fig2 at normal and glancing incidence respectively. The data are shown after background substraction and conversion to k-space together with their first shell Fourier filtered contribution [15]. The spectra of the 2D Er disilicide layer (2-a) and (2-4 are very singular and exhibit a strong polarization dependence whereas the data from the 2 ML Er silicide (2-b) and (2-e) are close to those coming from the thick sample (2-c) and (2- fig.3 ). The Er-Si bond lengths deduced from this geometry are 2.93k0.05 A and 3.5M.05 A respectively. Only the three silicon atoms lying at the shorter distance contribute to the first neighbors shell. Below the erbium atomic plane, four interfacial geometries may be considered, namely HQ, S, T and Tq. In H3 and T4 geometries Er occupies respectively threefold and eclipsed threefold hollow sites of the Si (1 11) substrate termination. The S (T) sites are substitutional (top) sites where the Er replaces (is located just above) the Si atoms in the top layer of the substrate. In H3 and S geometries the erbium atoms have a similar first coordination shell with three nearest Si neighbors in the substrate. The difference between the H3 and S sites only shows up in the second coordination shells. Erbium placed in T and T4 sites has one and four Si neighbours in the substrate, respectively. The simulation of the Fourier fiItered fist shell SEXAFS data at the normal, magic and glancing angles gives values of 2.98 A, 2.99 A and 3.04 A respectively , showing that the average Er-Si bond length R E~-s~ increases as yt decreases. This evolution is quite inconsistent with the roughly isotropic Si neighbours contribution expected for H3 or S geometries. In contrast it is the expected behavior in T and T4 models where the Er occupies atop positions of the Si substrate with Er-Si bonds along the surface normal that contribute strongly to the EXAFS signal when the electric field vector has a sizeable projection along the surface normal.
The bonding geometry was f i y established when we considered a better model of the SEXAFS analysis that assumes a two component fit with dual near-neighbor bond lengths. In this refined analysis the Fourier filtered f i t shell recorded at normal incidence is fairly well accounted for by two Er-Si distances of 2.94 and 3.10 A respectively. The first one is attributed to the silicon neighbors of Er in the Si top layer, in agreement with Si. This relaxation gives more s character to the substrate Si dangling bonds which are thought to pin the Fermi level after interaction with the silicide and may favor a large transfert from Er to Si [l] . This could explain the very low SBH observed in the photoemission experiments (a detailed discussion of these effects can be found in ref. 10).
Summary
Upon specific preparation conditions a two-dimensional erbium silicide with a very high degree of crystallinity can be grown on Si(ll1). The erbium silicide-silicon interface has been characterized by Si 2p core level measurements showing a SBH as low as 0.13 eV. The interface atomic structure has been determined by polarization dependent SEXAFS measurements and it was found that Er atoms sit in eclipsed threefold hollow sites (T4) of the substrate termination .
